ABSTRACT
INTRODUCTION & AIM OF THE WORK
Neurotoxins and cardiotoxins are present in the majority of scorpion venoms
1
. The clinical manifestations due to scorpion sting are believed to be primari1y due to complex interaction between sympathetic and parasympathetic stimulation 2 . Severe scorpion envenoming causes an autonomic storm resulting in a massive release of catecholamines, angiotensin II (Ang II), glucagon, cortisol, and changes in insulin secretion. As a consequence of these changes in the hormonal milieu, scorpion envenoming results in a syndrome of fuel energy deficits and an inability of the vital organs to utilize the existing metabolic substrates, which causes myocardial damage, cardiovascular disturbances, peripheral circulatory failure, pulmonary edema, and many other clinical manifestations alone or in combination, producing multisystem organ failure (MSOF) and death 3 . Nitric oxide (NO) plays a critical role in the regulation of vascular tone and organ blood flow as well as in the inhibition of platelets and neutrophils aggregation. However, excessive production of NO has been reported in several myocardial disorders involving inflammatory process such as endotoxic shock and heart failure 4 . Previously, 5 showed that NO levels were significantly higher in scorpion envenomed children compared to controls of the same age.
The aim of the present study was to determine circulating levels of adrenaline, noradrenaline, angiotensin converting enzyme (ACE), Ang II, kallikrein, nitric oxide, aldosterone and some electrolytes such as Na + , K + and Ca +2 in scorpion envenomed children on admission and after 24 hours. The relationship between these vasoactive mediators and the severity of scorpion envenomation and the outcome of envenomed children would be evaluated.
SUBJECTS & METHODS

A. Subjects (I) Patients:
The present study included forty children with scorpion envenomation who, were admitted to the emergency unit and intensive care units (ICU) of Pediatric Department in Assiut university hospital. They included 24 males and 16 females. Their age ranged from 1 -13 years old.
The patients were classified into 2 main groups according to the degree of severity of envenomation either mild (Group I) comprising 22 patients were presented with pain, flushing, salivation, lacrimation, abdominal pain, tachycardia and mild irritability, or severe (Group II) comprising 18 patients were presenting with hypotension, heart failure (dyspnea, +ve hepatojugular reflux and basal crepitation), toxic myocarditis (dyspnea, heart failure, distant heart sound, ECG changes and echocardiography suggestive of myocardial ischemia, myocarditis and cardiomegally), pulmonary edema (dyspnea, cyanosis and bubbling lung crepitation), convulsions, hallucinations and abnormal movements.
(II) Control group:
Ten apparently healthy children of matchable age and sex were considered as controls.
Sample preparation:
Two blood samples were collected from each victim, one on admission and the second after 24 hours but only one sample was withdrawn from controls. One part of blood sample (2ml) was taken on anticoagulant (EDTA) and the rest of blood sample (3ml) was for serum preparation.
Out of all the studied cases, before intravenous fluid administration blood samples were withdrawn from 15 cases for determination of serum levels of aldosterone, Na + , K + and Ca
+2
. Blood samples were centrifuged and the serum or plasma obtained was divided into aliquots and frozen at -70 C until assays were performed. 
Statistical analysis
The results were statistically analyzed using computer database (Prism program, Graphpad version 3.0). Data comparisons were performed by using student t-test and the correlations between the biochemical parameters were performed using Spearman , s rank correlation coefficient. The levels of significance were accepted with P < 0.05 and the results were presented in Tables as mean  SE.
RESULTS
The current results showed that all envenomed children showed significant higher mean value of circulating levels of each of adrenaline, noradrenaline, ACE Ang II and NO on admission (first sample) in comparison with healthy controls. On the other hand, the envenomed victims showed significantly lower mean value of kallikrein activity on admission in comparison with healthy controls. However, on the second sample it was noted that the circulating levels of ACE, Ang II and NO were still significantly higher than those of control group (Table 1) .
The mild envenomed children showed significant elevation of adrenaline and noradrenaline on admission in comparison with controls. One day later the plasma level of adrenaline was still significantly higher in mild envenenomed children than controls, but non-significant difference was found on comparing second sample of noradrenaline with controls. However, ACE activity and Ang II levels were significantly elevated in the first sample in comparison with controls. Moreover, ACE activity and Ang II levels were significantly elevated on comparing second samples and controls. The envenomed children showed significant decrease of mean value of plasma kallikrein activity on admission in comparison with controls, but non-significant differences were detected in comparison of second samples with controls. The envenomed children showed significant elevation of NO on admission in comparison with controls, but non-significant difference was detected on comparing second sample and controls (Table 2) .
In severe envenomed children, adrenaline and noradrenaline showed significant elevation on admission in comparison with controls. Nonsignificant differences were shown between second samples of adrenaline and noradrenaline with controls. ACE activity and Ang II levels were significantly elevated in the first samples in comparison with controls. Moreover, the plasma level of Ang II still significantly elevated in the second samples in comparison with controls. Furthermore, the envenomed children showed significant decrease of mean value of plasma kallikrein activity on admission in comparison with controls, but the second sample showed non-significant difference of kallikrein than controls. The serum level of NO showed significant elevation on admission and after 24 hours in envenomed children in comparison with controls (Table 3 ).
All envenomed children (n = 40) on admission showed significant elevation of aldosterone and Na + and significant decrease of K + and Ca +2 in comparison with controls (Table 4) .
The severe envenomed children showed significant decrease of adrenaline and noradrenaline in the second samples in comparison with mild cases. The circulating levels of ACE and Ang II showed significant decrease of mean value on comparing second samples of severe envenomed children with mild cases. In addition the severe envenomed children showed significant elevation of circulating levels of kallikrein activity and NO in the second samples in comparison with mild cases (Table 5 ).
The non-survival envenomed victims after 24 hours showed significant decrease of adrenaline, noradrenaline and Ang II levels in comparison with survival.
Kallikrein showed significant elevation of mean value in non-survival cases in comparison with survival cases. Nitric oxide showed significant elevation on admission and after 24 hours between non-survival cases and survival cases (Table 6 ). . The symptoms and signs of envenomation are believed to be primari1y due to complex interaction between sympathetic and parasympathetic stimulation
10
. The mechanisms by which scorpion envenomation provokes sympathetic nervous system activation are probably mixed. Experimental studies indicated that scorpion venom induces the release of noradrenaline and acetylcholine by acting at peripheral pre-synaptic and afferent visceral receptors
11
. However, the venom of certain species may provoke apnea, bradycardia and hypotension as the main manifestations of the envenomation
12-13
. In addition Chen et al.
14 showed that scorpion venom caused (a dose-dependent) increase in blood pressure in experimental rats, which may be related to overproduction of noradrenaline.
Cardiac dysfunction and pulmonary edema are the leading causes of death related to scorpion envenomation
15-16
. The mechanisms responsible for the toxic actions of the scorpion venom on the cardiovascular system are still the subject of intense controversy and research. Most investigators consider that, the cardiovascular manifestations (i.e. pulmonary edema and shock) are secondary to the peripheral vascular and myocardial effects of scorpion envenomation
11
. A syndrome of systemic inflammatory response to the venom has also been postulated as an explanation for the cardiovascular manifestations
17
.
Scorpion envenomation induces cardiac dysfunction
11
. Murthy 18 , hypothesized that catecholamine storm post envenomation may cause cardiac dysfunction by catecholamineinduced hypoxia and death might result from myocarditis and congestive heart failure. Some authors suggested that cardiac dysfunction in scorpion envenomation may be due to a direct effect of scorpion venom evoking the so-called scorpionic myocarditis characterized by nonspecific ultra-structural changes 19 . Moreover, Nouira et al. 20 reported that heart failure was observed in clinical studies dealing with cardiocirculatory disturbances associated with severe scorpion envenomation.
In the present study as shown in tables (1, 2 and 3), the plasma levels of adrenaline and noradrenaline were significantly raised in all envenomed children on admission in comparison to controls, but after 24 hours they showed reversible decline from that attitude. Moreover, severe and nonsurvivors showed significantly lower mean values after 24 hours than mild and survivors respectively (Tables 5  and 6 ). These results seem to be in consistency with that of Mazzei et al.
21
who reported that plasma noradrenaline was elevated on admission and decreased after 24 hours in scorpion envenomed patients. 
15
hypothesized that catecholamine storm post envenomation may cause cardiac dysfunction by catecholamine -induced hypoxia and that death might result from myocarditis and congestive heart failure. On the another hand, some investigators suggested that cardiac dysfunction in scorpion envenomation may be due to a direct effect of scorpion venom evoking the so-called scorpionic myocarditis characterized by nonspecific ultra-structural changes
19&27
. Furthermore, Nouira et al. 20 showed that the presence of right and left ventricular dysfunction after scorpion envenomation provided further augmentation to the hypothesis of scorpionic myocarditis.
The assayed catecholamines were highly proportional to each other (Table 7) in these envenomed children, similar to the results of Rumantir et al.
28
, since they are coreleased from sympathetic neurons. On the other hand Thomas et al.
29
believe that adrenaline augments the release of noradrenaline from sympathetic stimulation of presynaptic receptors.
In the present work as shown in tables (1, 2 and 3), the ACE activities and Ang II levels were significantly elevated on admission in all victims in comparison to controls. After 24 hours they were still higher. Furthermore, the circulating levels of ACE activity and Ang II were significantly lower in the second samples of severe and nonsurvivor envenomed victims in comparison with mild and survivor cases respectively. These results are mostly matched with those El-Kady et al.
30 who stated that there was significant increase in enzyme activity of ACE in all envenomed children in comparison to controls. Moreover these bioindices were significantly higher in hypertensive victims in comparison to normotensive ones. In that field, many investigators recognized similar findings 15,18&31 . The mechanism by which Ang II elevate blood pressure is probably through vasoconstriction, salt and water reabsorption and aldosterone secretion. Ang II also, increases blood pressure through actions on the brain and autonomic nervous system. In particular, it acts centrally to increase sympathetic outflow and peripherally to facilitate sympathetic transmission by increasing the release and reducing the reuptake of noradrenaline at adrenergic nerve terminals 32 . Generally, it is believed that scorpion envenomation results in a severe autonomic storm, which leads to a massive release of catecholamines.
Then increased sympathetic activity causes elevated renin release by direct stimulation of juxtaglomerular cells. A subsequent increase in angiotensin secretion enhances the ongoing sympathetic nerve output by a direct action on the brain stem and by a blunting of baroreceptor mechanisms. Thus, the renin angiotensin system is an important facilitator of ongoing sympathoadrenal traffic
15&31
. Such finding is confirmed in the present study as there were significant positive correlation between the values of noradrenaline and Ang II on admission as well as after 24 hours of all envenomed victims (Table 7) .
Angiotensin converting enzyme is known to produce Ang II, which may cause potent coronary and systemic vasoconstriction
33
. Ang II, the primary effector of the renin-angiotensin system (RAS), is a multifunctional hormone that plays an important role in vascular function. The local RAS, acting in both autocrine and paracrine fashions, is also functionally operative, and, important in the vasculature
34
. In that respect, the significant correlation between ACE and Ang II in the studied envenomed children (Table 7) Nitric oxide, as an endogenous endothelium-derived relaxing factor has also been extensively studied, NO, plays critical roles in the maintenance of vascular homeostasis. In the vasculature, Ang II and NO interact with each other to influence each other's functions
41
. NO is too short lived to be measured directly and so evidence of increased NO production is necessarily indirect. Serum concentration of nitrites and/or nitrates is commonly used in clinical studies to measure NO production 42 . The serum levels of determined NO in all victims were significantly elevated on admission and after 24 hours than controls as shown in tables (1, 2 and 3). Furthermore, this level was differentially more elevated in severe cases after 24 hours, specifically the non-survivors as shown in tables (5 and 6).
These findings agree with those of the investigators who found significant higher mean level of NO in all envenomed children (both severe and mild cases) in comparison to controls and that elevation was positively correlated with the severity of envenomation 5&27 . The constitutive isoform of the NO is believed to be enhanced by acetylcholine and bradykinin 43 .
Accordingly, the determined elevated kallikrein in the envenomed severe cases after 24 hours may enhance an accumulation of bradykinin which predictably promoted the endogenous cNOS to produce further NO molecules. Anyhow, the determined correlation between the kallikrein level and that of accumulated NO in the second samples (Table 7) . In addition, Teixeira et al. 46 found that NO molecules accumulated from human corpus cavernosum induced by a purified scorpion toxin.
Aldosterone regulates electrolyte excretion and intravascular volume mainly through its effects on the renal distal convoluted tubules and cortical collecting duct, where it acts to increase resorption of Na + from the urine. Aldosterone, also, enhances the synthesis of a Na + /K + ATPase located in the basolateral cell membrane, which generates the electrochemical gradient, which drives diffusion through the Na + channels
47
. The envenomed children on admission showed significant elevation in serum aldosterone level in comparison to controls (Table 4) . Gueron et al.
15 found that the blood aldosterone level was elevated in patients after scorpion envenomation.
Some clarified that the elevation in aldosterone serum level may be due to Ang II which is the principal stimulator of aldosterone production 48 . Hence, recorded increase in Ang II in envenomed children could be an increasing factor for elevation of serum aldosterone.
Electrolyte disturbances are common finding in victims of scorpion envenomation
10&18
. Serum Na + level in the envenomed children on admission was significantly increased (Table 4) as it was found before by El-Kady et al. 30 . They found that this increase was more prominent in hypertensive envenomed victims. Ang II causes salt and water retention, either by direct effect on kidneys or through its action on the adrenal glands to secrete aldosterone, which in turn increases Na + and water reabsorbtion by the kidney tubules. The arterial blood pressure may rise to a considerably increased level to overcome these two fluid retaining effects of Ang II 49 . The serum level of K + reversibly showed significant decrease in these envenomed children (Table 4) 
